Ecological engineering tests of concepts and assumptions on Levack  / proposed by M. Kalin for discussion with INCO Ltd by Kalin, Margarete A.
ECOLOGICAL ENGINEERING 
TESTS OF CONCEPTS AND ASSUMPTIONS ON LEVACK 
p r o p o s e d  b y  
M. K a l i n  
f o r  d i s c u s s i o n  w i t h  INCO L t d  
o n  May 10, 1985 
TABLE OF CONTENTS 
1 . CONCEPTS OF ECOLOGICAL E N G I N E E R I N G  .......................... 1 
2 . RELEVANCE OF THE PROPOSED INCO-LEVACK STUDY TO 
THE R A T S  P R O G R A M  .......................................... 1 
2.1. Technology T r a n s f e r  ....................................... 2 
2 .2 .  P r e d i c t i o n  Techn iques  ..................................... 2 
2 . 3 .  T a i l i n g s  D i s p o s a l  Systems ................................. 2 
2.4.  E f f l u e n t  C o n t r o l  .......................................... 3 
2.5.  R e v e g e t a t i o n  .............................................. 3 
3 . PROPOSAL FOR INCO-LEVACK STUDY: A TEST OF 
THE CONCEPTS OF ECOLOGICAL E N G I N E E R I N G  .................... 3 
4 . YEAR 1: TEST METHODOLOGY AND B A S I C  ASSUMPTIONS .............. 6 
4.1 
4.2 
4.3 
5 . PROPOSED 
6 . COST ESTIMATES FOR Y E A R  1 .................................. 16  
D e t a i l s  o f  B i o l o g i c a l  . Work i n  E x p e r i m e n t a l  Areas . . . . . . . . . .  7 
D e t a i l s  o f  t h e  E n g i n e e r i n g  Work .......................... 10  
D e t a i l s  o f  Oxygen Measurements ........................... 12 
SCHEDULE AND STUDY TEAM ........................... 14 
One o f  the  well-known methods f o r  reclaiming t a i l i n g s  i s  t o  
e s tab l i sh  a layer o f  vegetation. The presence o f  a vegetation 
cover provides surface s t a b l i l i z a t i o n  and prevents wind 
dispersal o f  t a i l i ngs .  The s t a b i l i t y  o f  introduced covers in  
the absence o f  continued maintenance over the long- term, a n d  the  
e f fec t iveness  o f  t h i s  cover in preventing acid generation, are  
presently u n k n o w n .  
Waste s i t e s  can be considered h a b i t a t s  with extreme environ- 
mental conditions which l im i t  the number o f  species present a n d  
give r i s e  t o  the barren appearance commonly  reported in b o t h  
aquatic  and t e r r e s t r i a l  areas o f  t a i l i n g s  s i t e s .  
The conventional method in t e r r e s t r i a l  reclamation involves the 
the use o f  agr icul tura l  crop plants ,  b u t  the g r o u n d  preparation 
(neu t ra l i za t ion  a n d  f e r t i l i z a t i o n )  involved and the  subsequent 
maintenance, are prohibi t iv ly  expensive and  do  n o t  o f fe r  
long-term, cos t  e f f ec t i ve  solut ions t o  acid generation from 
waste materials.  
The proposed approach, i . e .  ecological engi  neeri n g ,  i n v o l  ves the 
development o f  economical me thods  which result  in a se l f -  
maintaining long-term and  s t a b l e  vegetation cover, t h a t  will 
reduce i n f i l t r a t i o n  o f  a i r  a n d  water t o  the t a i l i n g s ,  and hence, 
may cur ta i  1 acid generation. Ecological engineering i s  based on  
the observation that  ce r ta in  p l a n t s  invade and  grow in 
t e r r e s t r i a l  ( d r y )  and  aquatic  (submerged) areas o f  t a i l i n g s  
s i t e s ,  i f  given su f f i c i en t  time a n d  the  appropriate conditions. 
To a s s i s t  these p l a n t s  which are  t o l e r a n t  t o  the extreme 
conditions o f  the t a i l i n g s ,  t o  colonize a n d  expand, a 
methodology has t o  be developed which w o u l d  potent ia l ly  lead t o  
cos t- effec t ive ,  s t ab l e  a n d  self-supporting vegetation covers on 
aci d-generati ng  t a i  1 i n g s  areas.  
Organisms w h i c h  are present on  these wastes, a re  frequently 
abundant a n d  have developed protec t ive  mechani sms t o  t o 1  e r a t e  
the adverse conditions. Their presence, therefore,  can 
potent ia l ly  p l a y  a ro le  i n  improving the conditions present,  and  
ultimately a s s i s t  in the recovery o f  these disturbed areas. I t  
i s  the basic aim o f  ecological engineering t o  encourage such 
vegetation t o  "reclaim n a t u r a l l y "  t he i r  own h a r s h  environment. 
2 .  R E L E V A N C E  O F  T H E  INCO-LEVACK STUDY TO THE RATS P R O G R A M  
The Reactive Acid Tailings Study (RATS)  Program has formulated 
f ive  major objectives outlined below (under sect ions 2 . 1 .  
t h r o u g h  2 . 5 . ) .  The s tudies  proposed by  INCO, t o  be carr ied  o u t  
o n  the Levack s i t e  contr ibute t o  these object ives in the 
-2- 
2 . 1 .  Objective - Technoloqv Transfer: 
To ensure t h a t  i n f o r m a t i o n  concerning well-established 
technologies are  avai lable  t o  the mining i n d u s t r y  (e .g .  
revegetation, current t a i l i n g s  disposal and e f f luen t  control 
p rac t  i ces ) . 
N O  C O N T R I B U T I O N  BY INCO-LEVACK STUDY 
We attempt instead t o  develop novel methodologies t o  e s tab l i sh  
indigenous vegetation covers o n  t a i l i n g s  which may reduce acid- 
generation a n d  a re  self-maintaining. 
2 . 2 .  Objective - Prediction Techniques: 
T o  develop those techniques re la ted  t o  the  physical a n d  chemical 
behaviour o f  t a i  1 i n g s .  
CONTRIBUTION FROM THE I N C O- L E V A C K  STUDY 
We will  monitor the  physical and  chemical propert ies  o f  
indigenous vegetation covers on  t a i l i n g s ,  quantify the response 
d u r i n g  prec ipi ta t ion  events ( h y d r o l o g y  p l o t s )  a n d  simulate acid 
generation-oxygen penetration ( s t a t i c  and accelerated 
lysimeters) .  Those measurements can be used as input parameters 
t o  models used i n  predict ing the  physical and chemical 
behaviour the  waste s i t e .  Lysimetry w i l l  be used i n  conjuction 
with basic modeling t o  predict changes i n  the long-term, 
ant ic ipated  as a r esu l t  o f  the  covers developed. 
Changes in  the  physical/chemical properties o f  t a i l i n g s  with a n d  
w i t h o u t  vegetation cover can be predicted based o n  the  input 
parameters. 
2.3. Objective - Tailings Disposal Svstems: 
To develop more e f fec t ive  methods fur the disposal o f  t a i l i n g s .  
CONTRIBUTION O F  T H E  I N C O- L E V A C K  STUDY 
We w i l l  evaluate the physical and chemical propert ies  o f  the 
indigenous vegetation covers which have developed on  d i f f e r en t  
acid- generating t a i  1 ings areas,  f o r  example a t  quirke, 
Stanleigh - Milliken, Nickel Rim, Nordic, Stanrock, Fecunis a n d  
Falconbrige, i n  order t o  determine which o f  the indigenous 
vegetation covers could be used most e f fec t ive ly  o n  d i f fe ren t  
t a i l i n g s  disposal areas.  This will yield information a b o u t  the 
ef fec t iveness  o f  the indigenous vegetation covers on  d i f fe ren t  
types o f  acid-  generating t a i l i n g s ;  t h i s  information can then be 
re la ted  t o  d a t a  from areas with introduced vegetation covers a s  
we1 1 as t o  information on  various other t a i l i n g s  
cha rac t e r i s t i c s .  
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2 .4 .  Objective - Effluent C o n t r o l :  
To develop methods t o  i nh ib i t  and  control the  generation o f  
ac id i ty .  
C O N T R I B U T I O N  OF T H E  I N C O- L E V A C K  STUDY 
We w i l l  m o n i t o r  the effect iveness o f  the polishing capacity o f  
green filamentous algae on  seepages from acid-generating 
t a i l i n g s ,  and  determine the effects  o f  separating the  
acid-generati ng t a i  1 ings from oxygen-rich environments w i t h  
l ayers  of organic matter produced by b u i l d i n g  an ac id ic  bog or 
an a lka l ine  wetland. We will a lso assess the  e f f ec t s  o f  Chara in  
the ,polishing pond.  
2 .5 .  Objective - Reveqetation: 
To assess the  spec i f i c  benefi ts  and e f f ec t s  o f  revegetation as  
an inh ib i to r  o f  acid generation. 
CONTRIBUTION O F  T H E  I N C O- L E V A C K  STUDY 
We will a t tempt  t o  demon,strate the establishment of  long-term, 
maintenance-free vegetation w h i c h  may reduce oxygen  penetration 
t o  the t a i l i n g s .  We w i l l  develop methodologies which can be 
used t o  evaluate the  effect iveness o f  d i f f e r en t  vegetation 
covers i n  preventing oxygen t rans fe r  t o  the t a i l i n g s  i . e .  acid 
generation. 
3 .  PROPOSAL F O R  I N C O - L E V A C K  STUDY: A TEST OF T H E  C O N C E P  
ECOLOGICAL ENGINEERING 
INCO contracted Boojum Research L t d .  t o  assess t h i s  t a i  
s i t e  near S u d b u r y ,  and t o  evaluate: 
S OF 
i ngs 
a )  the poss ib i l i ty  o f  u s i n g  the  "Chara process" in the mine- 
water pond t o  control occasional pulses o f  acid influxes 
from the exposed pyrrhot i te  surface during precipi ta t ion  
events. Chars was tes ted  i n  bench sca le  experiments and 
f o u n d  t o  survive a n d  grow i n  Levack waters; 
the occurrence o f  indigenous biota which w o u l d  
indica te  t h a t  a "po ten t ia l "  e x i s t s  t o  encourage these b i o t a  
a s  per the  concepts o f  ecological engineering. 
The overall  concept o f  the proposed research program has been 
described in a report submitted t o  the Department of  Energy 
Mines a n d  Resources, CANMET prepared by Boojum Research L t d .  
en t i t l ed :  
b )  
"Close-out Scenarios f o r  Reactive Acid Tail ings:  a P i l o t  
Demonstration o f  Ecological Engineering Measures". 
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T h i s  survey lead t o  the conclusion t h a t  several experimental 
areas are  evident a t  Levack which could be used i n  fu r ther  
t e s t i  ng  o f  ecological engineering concepts: 
1. the  small ac id ic  creek on  the n o r t h  end o f  the t a i l i n g s  
c o u l d  be used t o  t e s t  colonization b y  filamentous green 
algae, which were f o u n d  e a r l i e r  in an ac id ic  seepage 
stream; 
2 .  the ac id ic  gravel  p i t  m i g h t  be converted in to  an acid b o g ,  
w i t h  the  introduction o f  an ac id- tolerant  aquatic  moss; 
3 .  t he  d r y  acid areas m i g h t  be "test- colonized" by an acid- 
to le ran t  t e r r e s t r i a l  moss serving as a cover; d i f f e r en t  
materials w i l l  be mixed w i t h  broken py r ro t i t e  and  then 
"seeded" with mosses; 
4 .  the areas a l o n g  the a lkal ine  mine-water creek could be used 
t o  t e s t  the  survival ,  propagation a n d  expansion o f  
indigenous mosses from neutralized t a i l i n g s  areas as well 
as those which have been f o u n d  on- si te ,  in cracks on  the 
t a i l i n g s  surface;  
5. the  mine-water pond could serve as a t e s t  area f o r  the  
i n t r o d u c t i o n  o f  C m  and other su i t ab l e  f l o r a  from the  
Conservation Area (Falconbridge). 
Laboratory work was carr ied  o u t  and  the  r e su l t s  suggested t h a t :  
1. the  organisms are  indeed indigenous b i o t a  present in ac id ic  
and a lka l ine  h a b i t a t s ,  b u t  they a r e  n o t  unique t o  t h e  
Levack s i t e ;  
2. these indigenous species can be grown in the l a b o r a t o r y  f o r  
use i n  b o t h  f i e l d  and laboratory experiments which are  
essent ia l  f o r  the development o f  a reclamation methodology 
w i t h  these biota.  
This f e a s i b i l i t y  s t u d y  lead t o  the formulation of  d i f f e r en t  
s t u d y  areas (Map 1 )  which appear t o  show considerable promise 
For t e s t i ng  the va l id i ty  o f  the ecological engineering concepts 
and  f o r  t e s t i ng  the  effect iveness o f  the process. 
The overall  concept, i f  f o u n d  viable,  will produce methods which 
c o u l d  lead t o  a substant ial  economization o f  the cos ts  o f  
reclamation a n d l o r  treatment o f  mill e f f l uen t s ,  and  o f  the cos ts  
o f  mine close-out.  
T h i s  proposed s t u d y  which has  the aim o f  evaluating the 
ecological engineering approach as a viable m e t h o d o l o g y  for  
t r ea t i ng  a n d l o r  reclaiming mine waste areas i s  outlined i n  
general over a four-year time-frame. 
- - _-_ - 
MAP 1. Experimental Areas Outlined on Levack Ta i l ings  S i t e .  
. .  
AREA TYPE 
1 Water-covered a lka l i ne  area 
2 Gravel-pit  acid bog 
3 Acid pre-bog area 
4 D r y  a c i d  a r ea s  
5 Moist a l k a l i n e  area  
6 Seepage creek 
mY.L U W  ......'"".y',,..- - .... m ..,, , .,-,-,..".^  ~ ~ ~ ~ ! ~ . ~ , 2 ~ ~ ~ C ~  , ..,.......- 
.-- 
- . . 
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The main objectives o f  the four-year program are: 
1. t o  conduct f i e l d  s tudies  t o  e s t ab l i sh ,  enhance and develop 
the indigenous a n d  to le ran t  p l a n t  communities from other 
t a i l i n g s  s i t e s ,  on  the experimental wet, d r y  and  seepage 
s i t e s  o n  the Levack s i t e ;  
2 .  t o  provide experimental p r o o f  o f  the seepage-cleansi ng  
e f f ec t s  o f  the indigenous biota and evidence of  the 
establishment o f  an oxygen-barrier a t  the in ter faces  between 
the  a i r  or water and the u n o x i d i z e d  t a i l i n g s  developed as a 
r e su l t  o f  the  introduced a n d l o r  promoted ecosystems; 
3 .  t o  provide a f i e l d  assessment o f  the  hydrological a n d  h y d r o -  
geological conditions resu l t ing  from these measures, ( i . e .  
t o  evaluate the  surface water q u a l i t y  on t he  t rea ted  s i t e s ) .  
For such a project  a mult i-discipl inary team of  s p e c i a l i s t s  i s  
required. Experienced experts from Boojum Research Liwi ted ,  
MacLaren Engineers and MacLaren Plansearch Inc . ,  Ontario 
Research Foundation and Geocon Inc. have been b r o u g h t  together.  
A l t h o u g h  the ecological engineering approach has n o t  been 
tes ted ,  there  i s  considerable reason t o  believe i t  will be 
successful.  From the descr ip t ive  ecological w o r k  reported in  the 
l i t e r a t u r e ,  i t  i s  k n o w n  t h a t  many non-vascular plants  (e .g.  
algae, mosses) are  ear ly  colonizers on  t a i l i n g s  s i t e s .  From 
s tudies  o f  bogs where mosses predominate, a n d ,  from areas where 
extensive a l g a l  blooms occur, i t  has been demonstrated t h a t  
these organisms can have a considerable cleansing e f f ec t  on  
t h e i r  surroundings. 
Some basic experiments oriented t o w a r d  the development o f  
ecol ogical engineering recl amation measures are  o u t 1  i ned which 
a f t e r  completion could lead t o  the implementation o f  the 
proposed research program t o  develop reclamation methods for 
addressing the long-term problems o f  acid-generating t a i l i n g s  
s i t e s .  
The most important requirement o f  t h i s  program,  however, i s  t o  
be able t o  e s t ab l i sh  the indigenous or to lerant  vegetation 
covers on- si te .  As a f i r s t  crucial s t ep ,  i t  i s  necessary t o  
design a deta i led  procedure f o r  es tabl ishing and encouraging 
such vegetation communities and t o  t e s t  the a s s u m p t i o n s  of 
ecological engineering i n  the f i e l d .  The procedures t o  b e  used 
on  the  Levack s i t e  f o r  the f i r s t  year a re  outlined i n  the  next 
sect ion.  
4 .  Y E A R  1: TEST M E T H O D O L O G Y  A N D  BASIC ASSUMPTIONS OF 
ECOLOGICAL ENGINEERING CONCEPTS 
Succinctly, the project  cannot procede as proposed, i f  the biota 
cannot be introduced and enhanced, a n d ,  the methodology o f  
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measuring oxygen behaviour a t  the  cover- tai l ings in te r face  
cannot be developed i f  t he  measurements o f  the surface h y d r o l o g y  
a re  n o t  carr ied o u t  under f i e l d  conditions. 
Therefore we consider i t  nessessary t o  procede with a t e s t i n g  
phase i n  1985 t o  develop a n d  tes t  methodologies o f  a l l  aspects 
o f  the program. 
Emphasis will be placed o n  the  ecological component, and 
measurement techniques su i tab le  f o r  a variety o f  f i e l d  
c o n d i t i o n s  ( e .g .  wet, d r y ,  and semiaquatic) w i l l  be t es ted  
on-si te .  A preliminary l i s t  o f  experiments t o  be conducted in 
the t e s t  phase i ncl use: 
1. tes t ing dif ferent  introduction and expansion methods for  
e s t a b l i s h i n g  indigenous b i o t a  in the proposed experimental 
areas (Map 1 ) ;  
2 .  demonstrating the  cleansing e f f ec t  o f  filamentous green algae 
o n  seepage water; 
3 .  demonstrating the  development o f  an  oxygen barr ier  between 
the indigenous vegetation covers a n d  the t a i l i n g s ;  
4 .  t e s t i ng  the hydrological instrumentation d u r i n g  r u n - o f f  
conditions. 
The work proposed f o r  1985 i s ,  therefore ,  considered a summer 
season o f  t e s t  work t o  determine the f e a s i b i l i t y  o f  proceding 
with the implementation the proposed program. A f i r s t  assessment 
o f  the biological work would  be made b y  the  end o f  the  f i e l d  
season i n  October. If some indicat ion o f  success can be 
acertained,  the h y d r o l o g y  test  p l o t  will be instrumented a n d  a 
t e s t  core t o  measure oxygen penetration w i l l  be obtained . 
4 .1 .  Details o f  Bioloqical Work in Experimental Areas - Booium 
In the  ecological 
the pH ranged from 
11 .5  a t  the or ig in  
areas outlined in the  INCO f e a s i b i l i t y  s t u d y ,  
pH 2 . 5  a t  s i t e  11 (ac id  creek s i t e )  u p  t o  pH 
o f  the mine-water discharge. On  the b a s i s  o f  
pH a l o n e ,  the t a i l i n g s  area can be divided in to  t w o  major areas 
- --  those which are  ac id ic  w i t h  pH ' s  below 6 .0  and  those w h i c h  
a re  a lkal ine  with pH's above 9.0 .  The conductivity measurements 
indicated high values a t  a l l  s i t e s ,  especia l ly  in the  surface 
creeks a n d  seepages. 
The records of indigenous f l o r a  on  the  t a i l i n g s  a d d  fu r ther  
separation o f  areas,  s ince  d r y ,  wet a n d  mois t  ( f o u r  ac id ic  and  
two a1 k a l  i ne) areas have t o  have d i s t i n c t  cha rac t e r i s t i c s  in 
order f o r  the  indigenous ecosystems t o  develop. 
Based on  these parameters d i f f e r en t  areas are defined f o r  
t e s t i ng  o f  the proposed program. 
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4 . 1 . 1  Acid seepage treatment 
The f e a s i b i l i t y  s t u d y  car r ied  o u t  by Kalin (1985) f o r  I N C O  
considered the p o s s i b i l i t i e s  t h a t  the  green a l g a ,  Ulothrix, was 
accumulating s ign i f i can t  amount s  o f  Fe, with lesser  amounts  o f  
C u ,  Z n  and  Ni removed from the seepage stream ( S i t e  17) a t  
Levack. As the  pH of  the  stream d r o p s  from 6.5 t o  4 . 7 ,  Fe a lso  
p rec ip i t a tes  o u t  o n  the surface o f  the algae due t o  the  great  
surface area provided by the filamentous s t r a n d s  a n d  a l s o  the  
muci 1 a g i  n o u s  ce l l  surface. Calculations i ndi  cate  t h a t  more Fe 
i s  " l o s t "  from the water t h a n  can be accounted f o r  s i m p l y  on  the 
basis o f  the pH decrease and  t h a t  there  may be a s i gn i f i can t  
" b i o a c c u m u l a t i o n "  o f  Fe, i . e . ,  d i r ec t  u p t a k e  by the a l g a l  c e l l s ,  
i n  addition t o  the  precipi tated Fe o n  the  external a l g a l  ce l l  
w a l l s .  I t  i s  a lso  n o t  k n o w n  whether other  metals may be 
co-precipi tat ing w i t h  t h e  j a r o s i t e  on the  a l g a l  surface. 
4 . 1 . 1 . 1 .  Specif ic  object ive 
The purpose o f  the  f o l l o w i n g  experiment i s  t o  determine the  
amount o f  Fe, C u ,  Z n  a n d  Ni taken up  ("bioadsorbed") when 
l a b o r a t o r y- g r o w n  U l o t h r i x  i s  incubated w i t h  seepage stream 
waters from several s i t e s ,  a n d  t o  compare these uptake values 
with s i m i l a r  elemental concentrations in U l o t h r i x  col lec ted  from 
v a r i o u s  seepage stream s i t e s .  In the  l a t t e r  case, U l o t h r i x  w i l l  
be t rea ted  ul t rasonical ly  t o  remove iron precipi tated on  the  
a l g a l  filaments. Elemental analysis  will be made on  t h i s  
p rec ip i t a te  and a1 s o  on  the cleansed a1 gae. 
4 . 1 . 1 . 2 .  General experimental methods 
Metal uptake experiments 
Labo ra to ry- g rown  U l o t h r i x  w i l l  be introduced in to  a 
water-jacketed chromatography column ( the  column i s  jacketed t o  
maintain the column temperature a t  t h a t  of  the s i t e  water).  
Water from the s i t e  i s  pumped t h r o u g h  the col umn-contai ned 
Ulothrix a t  a measured f l o w  ra te .  After exposure t o  the s i t e  
water, the algae a re  analyzed f o r  metal content ( a n d  compared 
with the i n i t i a l  metal content o f  the l a b o r a t o r y - g r o w n  
Ulothrix) .  S i t e  water metal content i s  a l s o  analyzed a n d  a 
general p ic tu re  o f  the  metal uptake r a t e  by the Ulothrix can 
then be determined. 
Metal content o f  seepage-qrown Ulothrix 
A t  identical  s i t e s  where the uptake experiments are  conducted, 
U l o t h r i x  samples will be col lec ted  f o r  elemental analysis  and  
"elemental compartmentation'8, i . e . ,  determination o f  the  
r e l a t i v e  p r o p o r t i o n  o f  metals precipi ta ted  o n t o  a given weight 
o f  U l o t h r i x  ( i . e .  the residue from ul t rasonic  treatment) versus 
the metal content resul t ing  from "uptake" or "bioaccumulation" 
b y  the alga. 
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In addition t o  t o t a l  i ron ,  Fe+2 and  Fe+3, C u ,  Z n  a n d  Ni will be 
speci f i cal l  y a n a l  yzed i n the seepage stream waters, the  
U l o t h r i x - b o u n d  p rec ip i t a te  and  the Ulothrix a l g a l  matter. 
Stream f l o w  ra tes  will a lso be determined i n  order t o  compute 
the metal-polishing eff iciency o f  Ulothrix current ly g rowing  a t  
va r ious  s i t e s  and  stream f l o w  ra tes  i n  the seepage streams. 
Oxvqen versus depth p rof i l es  a l o n q  seepage stream 
Dissol ved o x y g e n  determi n a t i  ons a t  v a r i o u s  1 ocati ons a1 ong  the  
seepage stream w i l l  be determined ( 0 2  e lec t rode)  along with 
stream f l o w  r a t e  estimates a n d  pH i n  order t o  get an ins ight  
in to  the "cause(s )"  o f  the decreasing ac id i ty  along t h e  seepage 
stream length. 
Expected r e su l t s  
1)  The experiments will determine the effect iveness o f  Ulothrix 
a s  a passive-polishing agent i n  m i l d l y  acid seepage stream 
waters a s  a function o f  pH (between ca. 4.5 and  6.5) and  stream 
f l o w  r a t e .  
2 )  The decrease in seepage stream pH may be correlated w i t h  the 
degree o f  oxygenation o f  the water, a r i s i n g  from turbulent  
stream f l o w ,  and  may suggest t h a t  "lagooning" be introduced t o  
s low down water movement and  increase the  02 gradient between 
the water surface and the sediment. 
4 .1 .2 .  Acidic gravel p i t  
This area w i l l  be used t o  test d i f f e r en t  introduction methods o f  
aquatic moss, g rowing  presently i n  E l l i o t  Lake (pH 3 . 5 )  and i n  
Moose Lake (Falconbrige) in the  ac t ive  t a i l i n g s  area. Detai ls  o f  
these introdcution methods are  a t  present n o t  c lear  a n d  will be 
developed on  t he  basis o f  l i t e r a t u r e  avai lable a t  Boojum 
Research. 
4 .1 .3  Acidic dry areas 
The small  ac id ic  creek will be used as a water source f o r  
increasing moisture on d r y  t a i l i n g s  for the experimental p l o t s  
on which ac id- tolerant  moss cover i s  t o  be developed. This 
requires some engi neeri ng ingenuity,  t o  produce an i r r i g a t i o n  
system f o r  the experimental p lo ts .  I t  i s  ant icipated t h a t  pipes 
could be used for the d i s t r ibu t ion  of  acid water. 
Moss protonemata have been col lected from the  moist ac id ic  
Fecunis a n d  Nickel Rim t a i l i n g s .  Based on  experiments designed 
by B. M i c h e l l u t t i ,  a n  extensive moss shrub cover has been 
developed in  the past few years. These covers will be 
invest iaated.  a n d  based  on the  r e su l t s .  exnerimental p l o t s  w i l l  
t o  .use these and 
mental p l o t s .  
be s e t  ;p on ' the  Levack s i t e .  I t  i s  p 
other moss populations as inocula f o r  
anned 
exper 
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In the creek i t s e l f ,  experiments w i l l  be carr ied  o u t  t o  
introduce filamentous green algae from acidc locat ions (e .g .  
Timmins o r  E l l i o t  Lake). The a c i d  creek i s  chemically typical 
o f  most ac id ic  drainages, b u t  i n  s p i t e  o f  these extreme 
conditions several a l g a l  taxa were g r o w i n g .  The dominant 
organism was Euqlena  mutabilis which i s  very common species i n  
extremely ac id ic  habi ta ts  and  i s  u s u a l l y  one o f  the  ear ly  algal 
colonizers mentioned in acid mine drainage studies.  
4 . 1 . 4  Moist a lkal ine  s i t e s  
Mosses were f o u n d  i n  mois t  a lka l ine  cracks along the creek bed. 
B y  a l t e r i ng  the f l o w  of  the mine-water creek over the  area and  
thereby providing a larger  moist area,  i t  i s  ant ic ipated  t h a t  
the indigenous moss, can cover more extensive areas.  
Mosses iden t i f i ed  o n  the limed t a i l i n g s  are  e i t he r  Ceratodon or 
P o h l i a ;  b o t h  species provide extensive moss covers o n  limed 
t a i l i ngs  surfaces in E l l i o t  Lake. The ex i s t ing  moss i s  t o o  
y o u n g  t o  be iden t i f i ed .  The experimental methods w i l l  be s imi lar  
t o  those used in the ac id ic  areas,  by m i x i n g  d i f fe ren t  borrow 
material i n t o  the area kept moist with the mine water. These 
experimental p l o t s  a l s o  require  some engineering s u p p o r t ,  t o  
produce a water d i s t r ibu t ion  system. Possibly smal l  berms could 
be bu i l t  o u t  o f  t a i l i ngs  o r  other avai lbale  material .  
4.1.5 Water-covered a1 kali ne areas 
Area 1 includes the wet aJkal ine s i t e s  which remain submerged in 
the mine-water a n d  are conducive t o  g r o w t h  o f  alkalophilous 
species.  The plan f o r  t h i s  area i s  t o  extend the  c a t t a i l  s t a n d s  
a l o n g  the beaches, introduce Chara  and  t e s t  other species from 
the C o n s e r v a t i o n  Area a t  Falconbridge. Methodologies f o r  Chara 
introduction are  derived from the previous w o r k  car r ied  o u m  
the summer 1984 in E l l i o t  Lake. Introduction methods o f  Falcon- 
bridge species have t o  be developed. A l l  introductions w i l l  be 
made by fastening the plants  in experimental p l o t s  s o  t h a t  
g r o w t h  evaluations can be carr ied  o u t .  
4 . 2 .  Details o f  the E n q i  neeri n q  Aspects, MacLaren Plansearch 
Basically very l i t t l e  engineering work w i l l  have t o  be carr ied  
o u t ,  s ince a l l  e f f o r t s  are expended primarily t o  t e s t  the  
i n t r o d u c t i o n  methods.  The avai  l a b i  1 i t y  o f  adequate water 
supp l i e s  f o r  p l a n t  g r o w t h  will  be paramount in determining the 
success o f  the ecological engineering approach t o  t a i l i n g s  area 
reclamation. The ra t ionale  f o r  hydrological a n d  hydrogeological 
inves t igat ions  have been g i v e n  i n  t h e  general p r o p o s a l  and  o n l y  
the main object ives are  repeated. 
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The main object ives are t o  describe the following: 
1. the  near-surface water balance of the  t a i l i n g s ;  
2.  the f l ow  pat terns o f  water in to  and  within the  t a i l i n g s  
3 .  the general geochemistry of  the  system. 
deposit .  
Year 1 - Hydro1 o q i  cal Recoqnaissance 
Detailed instrumentation w i l l  be i n s t a l l ed  in the  t a i l i n g s  area 
t o  permit estimates o f  t h e  components o f  the  surface water 
b a l a n c e  i ncl udi ng:  
. i n f i l t r a t i o n  . evapotranspi r a t i  on 
. geochemistry 
. prec ip i t a t ion  
O n l y  one p l o t  will be instrumented, a f t e r  the evaluation o f  the 
ecological w o r k .  This i s  m a i n l y  aimed a t  t e s t i ng  the  instrument 
performance and  the p l o t  design d u r i n g  the snowmelt conditions 
i n  the  following year, s ince snowmelt i s  l i k e l y  a n  important 
fea ture  o f  the  h y d r o l o g y  a n d  the vegetation covers t o  be 
developed. 
The instruments required include: 
a u t o m a t i  c recordi ng  rain gauge 
prec ip i t a t ion  chemical sampler - 
20-point snow course 
two " t w i n n e d "  5 x 5 m r u n o f f  p l o t s  with measurement 
1 Ott ( O T T )  water level meter 
13  observation wells f o r  manual measurement 
13 piezometer nests (5 levels  each nes t )  e n t i r e  bas 
3 observation wells f o r  continuous recording 
5 multi- level samplers, 1 0  l eve l s  in each 
3 neutron probe access tubes 
5 s h a l l o w  t r a y  lysimeters 
1 Campbell C R F  datalogger 
s ingle- level  windspeed 
single- level net shortwave radia t ion 
single- level  net allwave radia t ion 
s i  ngle-level temperature and h u m i d i t y  
10 g r o u n d  temperature measurements 
devices 
n 
For planning purposes f o r  the  second year, the instrumentation 
required f o r  de ta i led  water and  energy balance i s  l i s t e d .  These 
however are  n o t  required u n t i l  the  second year, a f t e r  the p l o t s  
have been tes ted  a n d  the vegetation cover has survived the 
winter. 
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The equipment required i n  teh second year includes: 
second se t  o f  radiometers f o r  treatment p l o t  
5 anemometers f o r  ver t ica l  p r o f - i l i n g  o f  windspeed, 
5 psychrometers temperature a n d  humidity 
heat f l u x  p la tes  
expansion cards f o r  d a t a l o g g e r  
extended so i l  temperature measurements 
A l l  team members will be v i s i t i ng  the s i t e ,  t o  assess the  
instrumentation, determine l o c a t i o n  and f o r  a general 
recognaissance o f  the s i t e .  T h i s  will n o t  be required before the 
ecological t e s t  p l o t s  a re  set u p  and some water d i s t r ibu t ion  
system i s  i n  place. 
Water d i s t r i bu t ion  systems 
I t  i s  the  aim o f  t h i s  year ' s  work  t o  test d i f f e r en t  methods  o f  
water d i s t r i bu t ion  o n  the s i t e  a n d  t o  develop a prototype system 
f o r  implementation in the second year. 
These systems will be t es ted  i n  the seepage for water 
containment, and in the acid a n d  a lkal ine  d r y  areas t o  s u p p o r t  
the experimental plots for cover development. 
(shortwave and allwave) 
Prediction t o o l s  - modelling 
Since the e n t i r e  program aims t o  improve water q u a l i t y  b y  
reducing acid generation by various methods, i t  w i l l  be 
necessary t o  use modelling as a planning t o o l  d u r i n g  development 
o f  the methodology. D u r i n g  t h e  f i r s t  year, o n l y  the evaluation 
a n d  assessment o f  the appropriate  systems model need t o  be 
carr ied  o u t .  
4 . 3 .  Details o f  t he  O x y q e n  Measurements. ORF 
The object ives o f  the laboratory t es t  program are  t o :  
1)  obtain oxygen prof i les  f o r  v a r i o u s  t e s t  samples under chosen 
2 )  co r r e l a t e  the l a b o r a t o r y  t e s t  r e su l t s  with f i e l d  data; and  
3 )  co l l ec t  d a t a  on  Eh ,  pH, temperature, major cat ions and  
O n l y  a prototype core w i l l  be constructed i n  the laboratory i n  
the f i r s t  year a s  i t  i s  necessary t o  have f u l l  f a c i l i t i e s  u n t i l  
the f i e l d  measurements which are  a l s o  t o  be carr ied  o u t  i n  the 
f i r s t  year are  completed. If the  ecological work procedes a s  
proposed f i e l d  samples tha t  represent one o r  two  d r y  s i t e s  will 
be obtained a s  3 "  d i a .  x 6 '  d r i l l  cores. 
conditions a t  d i f fe ren t  depths; 
anions, t r ace  metal concentrations. 
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For the gas sampling, an oxygen "spec i f i c  ion" probe w o u l d  be 
used t o  determine the oxygen  content .Probes w o u l d  be i n s t a l l ed  
f o r  water sampling measurements e i t he r  in the o p p o s i t e  end o f  
the  sampling tubes,  or i n  a separate tube i n s t a l l ed  one or two  
inches below oxygen monitoring probes. 
Details o f  the  core layout a n d  the  instrument f o r  oxygen  
measurements were given in the general p r o p o s a l .  
After t e s t i n g  o f  the performance o f  the cores and the 
p rac t i cab i l i t y  o f  the  f i e l d  measurements in the second year, 
the f i e l d  samples w i l l  be col lected and  i n s t a l l ed  under 
laboratory-simulated cl imatic  and  eco log ica l  conditions. 
. ,  
. .  
. ,  
i .  1 
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5. YEAR 1 : PROJECT SCHEDULE 
T e c h n i c a l  C o m p o n e n t  
1985 1986 
JUN, JUL,  AUG. SEPT. OCT. NOV. DEC. JAN. FEB.MAR 
E c o l o q v  F i e l d  Work 
Boo j  urn Research 
TEST PLOTS SET UP x x x x x x  
CHARa INTRODUCTION xxxx  
SEEPAGE EXPERIMENT xxxxx  
GROWTH ASSESSMENT x x x x x x  
L a b o r a t o r v  T e s t s  - ORF 
DESIGN CORES AND F I E L D  
INSTRUMENTATION xxx  
TEST F I E L D  MEASUREMENTS 
I N  BOX ON S I T E  
SET-UP CORE FOR TESTS 
MONITOR CORE 
H v d r o l  o q y  - M a c L a r e n  
DESIGN WATER D I S T R I B U T I  
SYSTEMS FOR EXPERIMENTS 
xxx  
xxx  
xxx  
x x x  
EVALUATE E X I S T I N G  DATA 
H y d r o 1  o g y ,  h y d r o g e o l  o g y ,  
w a t e r  b a l a n c e  XXXXXXX 
SET UP HYDROLOGY PLOT x x x  
COLLECT CORE xxx  
DATA ANALYSIS FROM F I E L D  WORK 
DESIGN IMPLEMENTATION OF 
PROTOTYPE WATER D I S T R I B U T I O N  
REPORTING OF ECOLOGY RESULTS xxx  
xxx  
xxx 
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5.1.  Pro.iect Team 
The project  team selected f o r  the p i l o t  demonstration program i s  
comprised o f  a number of  s t a f f  f rom Boojum Research, O R F ,  
MacLaren Engineers, MacLaren Plansearch a n d  Geocon. 
The major team members a n d  t h e i r  areas o f  exper t i se  are  outlined 
as f o l l o w s :  
M .  Kalin, M.Sc. - Boojum Research Limited 
Senior Research Sc i en t i s t  
V .  I .  Lakshmanan, P h .  D. - O R F  
Senior Sc i en t i s t  
L .  M .  Luckwi ch - O R F  
Research Sc i en t i s t  
D. Charlesworth. P h .  D. - MacLaren P 1  ansearch 
Hydrogeo l  ogy  
T .  Pr ice,  P h . D .  - Consultant t o  MacLaren Plansearch 
Geochemistry 
J. Roberts. M.Sc. - MacLaren Plansearch 
Water Chemistry 
R .  B i s h o p ,  M.Sc. - MacLaren Plansearch 
Hydro1 ogy 
E.J. Chart, 8.Sc. - MacLaren Engineers 
Ci vi 1 Engineering 
- Geocon Inc. 
- Geotechnical Services 
Curricula v i t ae  o f  t he  main s t u d y  team members i s  contained in 
Appendix A o f  the general p r o p o s a l .  
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6. ESTIMATED COSTS FOR YEAR 1 
A preliminary estimate of the cost of carrying out the Levack 
reclamation research program i n  its entirety has been presented 
in the general proposal. 
The costs identified i n  this submission are preliminary and 
will be finalized after detailed discussions with INCO and 
FALCONBRIGE, since some o f  the costs are presently generalized 
for this submission. As well, support from both Inco Limited and 
Falconbridge Limited have to be included, if they are prepared 
to support the program. 
ECOLOGY AND TRANSPORTATION $ 49,660.-- 
MACLAREN ENGINEERING $ 36,340.-- 
$ 31,100.-- - - - - - -___--  ORF, OXYGEN MEASUREMENTS 
TOTAL COST OF PROJECT WITHOUT INCO 
CONTRIBUTION OF ANALYTICAL AND SUPPORT 
SERVICES $ 117,100.-- 
INCO CONTRIBUTION DISCUSSED $ 22,420.-- 
FALCONBRINGE CONTRIBUTION 
TOTAL COST OF PROJECT 
Detailed cost estimates for the three components are prow 
be1 ow. 
Jed 
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6 . 1 .  E c o l o q v  C o s t  E s t i m a t e  - Boojum Research L t d .  
L a b o u r  
Growth  s t u d i e s  o f  a l g a e  a n d  moss: 
R .  B u g g e l n  - 10 d a y s l m o n t h  f o r  4 mon ths  
M a t e r i a l s  and  e q u i p m e n t  
I d e n t i f i c a t i o n ,  e x p e r i m e n t a t i o n  a n d  
f i e l d  work:  
M .  O l a v e s o n  -15 d a y s l m o n t h  f o r  4 mon ths  
@ $ 3 0 0 . - - / d a y  1 2 , 0 0 0 .  -- 
@ $ 2 0 6 . - - / d a y  1 2 , 3 6 0 .  --  
E x p e n s e s  
2 , 0 0 0 .  -- 
M a t e r i  a1 s a n d  e q u i p m e n t  
C h a r a  P r o c e s s  i n t r o d u c t i o n :  
M .  S m i t h  f o r  15 d a y s  @ $ 1 9 0 . - - l d a y  
Summer s t u d e n t  @ $ 1 6 5 0 . - -  
S u p e r v i  s o p :  M. Kal i n 
20 d a y s  @ $ 3 5 0 . - - / d a y  
1 , 0 0 0 .  -- 
2 , 8 5 0 .  -- 
1 , 6 5 0 .  -- 
7,000. --  
Total  L a b o u r :  $ 3 5 , 8 6 0 . - -  
T r a n s p o r t a t i o n :  
Air p l a n e  ( 1 0  r o u n d  t r i p s  4 )  
V e h i c l e  f o r  4 mon ths  @ $ 4 0 0 . - - / m o n t h  
G a s o l  i ne e s t i m a t e  
S u b s i s t e n c e  i n  l a b  $ 1 0 . - - / p e r s o n / d a y  
( f o r  3 p e r s o n s  f o r  3 m o n t h s )  
H o t e l  a c c o m o d a t i o n  f o r  e n g i n e e r  
@ $ 1 0 0 . - - / d a y  f o r  t o t a l  o f  20  o v e r n i g h t s  
T o t a l  Expenses 
2 , 5 0 0 .  -- 
1 , 6 0 0 .  -- 
2 , 0 0 0 .  -- 
2 , 7 0 0 .  -- 
2 , 0 0 0 .  -- 
S 1 3 , 8 0 0 . - -  
T O T A L  ESTIMATE ( L a b o u r  + E x p e n s e s )  $ 4 9 , 6 6 0 . - -  
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6.2 .  Enqi neeri n q  C o s t  E s t i m a t e  - MacLaren E n q i  n e e r i  n q  
S u p e r v i s i n g  Engineer :  
8 days  @ S 600.- -  
Hydrogeology , d a t a  review 
1 0  days @ S 410.- -  
Hydrology , d a t a  review and 
e v a l u a t i o n  of w a t e r  b a l a n c e  
2 0  days  @ $ 380.--  
Water d i s t r i b u t i o n  / r e t e n t i o n  
systems d e s i g n  
7 days  @ S 380.- -  
Exper imenta l  p l o t  i n s t r u m e n t a t i o n  
7 days  @ S 380.- -  
Equipment 
Core r e t r i e v a l  
Equippment s u p p l i e d  by I N C O  
2 days  of Geocon s t a f f  @ S 350.- -  
Data a n a l y s i s  - 8 days  @ S 380. - - /day  
Implemen ta t ion  of s u r f a c e  d e s i g n  
a f t e r  t e s t i n g  p r o t o t y p e s  f o r  yea r  2 
t e s t i n g -  8 d a y s  @ S 380 .- - /day  
Repor t  w r i t i n g  and p r e p a r a t i o n  
10 days  @ S 380.- -  
Labour Expenses  
4 ,800 .  -- 
4 , 1 0 0 .  -- 
7 , 6 0 0 .  -- 
2 ,660 .  -- 
2,600 .  --  
7 , 0 0 0 .  --  
700.  -- 
3 ,040 .  -- 
3 , 0 4 0 .  -- 
3, 800. -- 
TOTAL ESTIMATE S 39 ,400 . - -  
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6.3 .  Oxyqen Measurements Cost Estimate - O R F  
Construction o f  prototype 
core and field box 
Monitoring o f  core 
300 hours @ S 40.--/hour 
Supervision 
80 hours @ S 60.--/hour 
Management o f  program 
50 hours @ S 66 . - - / hou r  
TOTAL ESTIMATE 
Labour Expenses 
10,000. -- 
12,000. --  
4,800. -- 
3,300. --  
$ 30,100.- -  
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P r o j e c t  1: 
SULPHUR TAILINGS BY ESTABLISHING MARSHLAND. 
r e f e r r e d  t o  a s  
DEVELOPING A TECHNIQUE FOR RECLAMATION OF HIGH IRON 
4 
BUILD A BOG O R  W E T L A N D  
1. INTRODUCTION 
Falconbridge L t d .  has  ou t l i ned  f o u r  p r o j e c t s  a s soc i a t ed  w i t h  
r e a c t i v e  ac id  t a i l i n g s ,  f o r  which t h e y  f e l t  suppor t  c o u l d  be 
given by t h e  company t o  address  problems wi thin  t h e  C A N M E T  
p rogram.  Boojum Research L t d . ,  i n  conjunct ion with Geocon and 
MacLaren P lansearch ,  was i d e n t i f i e d  as  p a r t  o f  t h e  p r o j e c t  team 
by Falconbridge L t d .  
Af ter  f u r t h e r  d i scuss ions  w i t h  the p a r t i e s  concerned, i t  became 
apparent  t h a t  p r i o r i t y  wi l l  be given t o  Project 1: Developing a 
e s t a b l i s h i n g  marshland, which i s  r e f e r r e d  t o  a s ,  
P ro j ec t  4: I n v e s t i g a t i o n  o f  na tura l  removal o f  nickel  from 
s o l u t i o n  by l ake  ecosystems, may be considered i n  t h e  f u t u r e .  
B o t h  p r o j e c t s  a r e  enclosed in  t h e  Appendix, as submitted by 
Falconbirdge L t d .  
P ro j ec t  2 :  Developing a 1 ong-term t rea tment  s t r a t e g y  u p o n  
abandonment o f  a high sulphur  t a i l i n g s  a r e a ,  was considered o f  
l o w  p r i o r i t y  and was dropped from t h e  p resen t  p r o j e c t  l i s t .  
P ro j ec t  3:  A comparative study o f  t h r e e  methods o f  reducing ac id  
genera t ion  and metals r e l e a s e  f r o m  waste rock and t a i l i n g s ,  w i l l  
n o t  be considered by Boojum Research L t d .  This submission 
o u t l i n e s  program d e t a i l s  f o r  P ro j ec t  1 and prepara tory  w o r k  f o r  
P ro j ec t  4 .  
A p r e f ace  t o  t h e  p r o j e c t  o u t l i n e s  i s  requ i red  s i n c e  P r o j e c t  2 
was dropped from the  program. P ro j ec t  2 was in tended t o  address  
t he  growth, development and e f f e c t i v e n e s s  o f  wetland ecosystems 
as a m i l l - e f f l u e n t  management t o o l ,  i . e .  what a r e  t h e  b e n e f i t s  
o f  having a po l i sh ing  pond  with macrophytes, such a s  t h e  
Fa1 conbridge Conservation Area. 
This a rea  i s  considered by  Boojum Research as  an extremely 
important  component i n  developing a general  methodology f o r  
eco log ica l  engineer ing o f  waste management a r ea s .  
The r a t i o n a l e  o f  eco log ica l  eng ineer ing  l i e s  i n  t h e  e f f e c t i v e  
u t i l i z a t i o n  o f  b io t a  e s t a b l i s h e d  in  waste management s i t e s .  
These b i o t a  a r e  expected t o  b e  t o l e r a n t  t o  t he  harsh 
environmental condi t ions  p re sen t .  I t  fo l lows ,  t h e r e f o r e ,  t h a t  
i n  p a r t ,  a spec t s  o f  the work under P ro j ec t  1 r e q u i r e  u t i l i z i n g  
technique f o r  rec lamat ion o f  h i g h  i ron  sulphur  t a i l i n g s  by 4 
I 'Build*?-bogW@tId 
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t he  Conservation Area, t h e  East Mine t a i l i n g s  a rea  and poss ib ly  
bogs around Nickel Rim. 
In t he  absence o f  suppor t  f o r  t h e  s tudy o f  t he  Conservation Area 
and o the r  t o l e r a n t  ecosystems, t he  e x t e n t  o f  informat ion which 
can be determined wi l l  be l im i t ed .  
"Y 
2 .  BUILD A BOG O R  W E T L A N D :  TASK DEFINITION 
The general  concept was o u t l i n e d  i n  t he  Falconbridge submission 
(Appendix) and hence t he  eco log ica l  t ask  i s  t o  e s t a b l i s h  wetland 
vege ta t ion  o n t o  t a i l i n g s ,  f e r t i l i z e d  e i t h e r  w i t h  sewage or 
chemical f e r t i l i z e r ,  without  major a d d i t i o n s  o f  o r i g i n a l  
wet land- so i l- source  ma te r i a l .  
D u n n  and Best (1983) formulate  t h e  o b j e c t i v e  o f  ecosystem 
development very wel l :  "One goal o f  rec lamat ion should be t o  
design s e l f - ma in t a in ing  ecosystems in  concer t  with na tu re ,  
e s p e c i a l l y  na t i ve  ecosystems. 'I Clea r ly ,  t a i l i n g s  a r e  n o t  n a t i v e  
ecosystems,  however t he  cond i t i ons  given i n  t h e  experimental  
c e l l s  t o  be cons t ruc t ed ,  can be viewed as  t h e  f i r s t  s t a g e  o f  
invasion ( c o l o n i z a t i o n )  o f  an a b i o t i c  s u b s t r a t e .  The mechanisms 
o f  t h i s  invasion process a r e  t hose ,  which func t ion  a f t e r  a 
d i s tu rbance ,  i e .  d r o u g h t  and f l o o d .  The c r i t i r i a l  r o l e  i n  t h e  
recovery a f t e r  a d i s tu rbance  o f  an ecosystem i s  played by t h e  
reproduc t ive  capac i ty  o f  t h e  organisms p re sen t ,  i e .  the wetland 
s o i l  which s t o r e s  dormant and v i ab l e  seed a s  well as  d i f f e r e n t  
v i a b l e  roo t  and rhizome forms which can lead  t o  r egenera t ion  o f  
t h e  ecosystem. This seed and roo t  bank, t h e r e f o r e ,  provides t h e  
p l an t  community with i t s  means t o  r egene ra t e  from 
na tura l ly- occur ing  d i s tu rbances ,  and hence i s  t h e  mater ia l  which 
should be used as i n t roduc t ion  mater ia l  i f  a s e l f - ma in t a in ing  
ecosystem i s  t o  be i n i t i a t e d .  
Within t h i s  o b j e c t i v e ,  i t  i s  apparent  t h a t  the most important  
t a s k s  t o  b e  considered include:  
1 )  t h e  i d e n t i f i c a t i o n  o f  s u i t a b l e  seed- root mater ia l  f o r  
t r a n s p l a n t i n g ;  
2 )  t h e  development o f  a m e t h o d o l o g y  f o r  the t ransfer  o f  p l a n t  
mate r ia l  from the  t h e  source  s i t e s  t o  t h e  a b i o t i c  t a i l i n g s  
environment. 
These two  t a s k s  wi l l  be addressed i n  an experimental  fash ion  
involv ing  t w o  components ---  a s e t  o f  sma l l - sca l e  exper iments ,  
descr ibed  below, and a s e t  o f  l a r g e- s c a l e  exper iments ,  descr ibed  
in t h e  Falonbridge submission (Appendix). 
The experimental  design o f  t h e  sma l l - sca l e  experiments w i l l  
c o n s i s t  o f  a l a r g e  number o f  smal le r  con ta ine r s  or c e l l s  i n  
which a l a r g e  number o f  i n t e r a c t i o n s  between s u b s t r a t e s ,  p l a n t  
responses and t r a n s p l a n t  methodologies can be t e s t e d .  This wi l l  
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then al low some assessment o n  how t o  approach most e f f e c t i v e l y  
t he  i n t roduc t ion  o f  biomass i n t o  t h e  l a r g e  c e l l s  i n  t h e  
1 a rge- sca l e  experiments.  
The s m a l l - s c a l e  experiments wi l l  be conducted f i r s t  a n d  the 
r e s u l t s  from these  experiments wi l l  be  eva lua ted  t o  i d e n t i f y  
s u i t a b l e  seed and roo t  sources  a n d  t o  i n d i c a t e  t he  most 
e f f e c t i v e  methodology o f  t r a n s f e r  o f  these ma te r i a l s .  A l s o  t h e  
i n t e r a c t i o n  between t h e  source  mater ia l  and t h e  c e l l  l i n i n g  
ma te r i a l s  ( s u b s t r a t e  types)  can be eva lua t ed .  Based o n  t h e  
r e s u l t s  & t h e s e  sma l l - sca l e  experiments,  t h e  d e t a i l s  o f  t h e  
l a r g e r - s c a l e  experiments can then b e  planned a n d  implemented 
( r e f e r  t o  ove ra l l  p r o j e c t  a c t i v i t i e s  o n  pg 5 ) .  
The sma l l - sca l e  experimental  approach i s  requ i red  s i n c e  t h e  
fol lowing a r ea s  a r e  a t  present undetermined and t h i s  informat ion 
i s  e s s e n t i a l  t o  t he  e f f e c t i v e  assessment o f  t he  subsequent 
1 a rge-sca l  e experiments.  
9 
For  t r a n s p l  a n t i  n q  o f  veqe t a t i  vely-reproducinq spec i e s :  
1. the chemical balance o f  t he  r o o t  zone i s  p a r t i c u l a r l y  
important  t o  k n o w  i n  o rder  t o  minimize t h e  damage t o  p l a n t s  
dur ing t h e  t r a n s p l a n t  procedures i n t o  waste a r e a s ;  
2 .  t h e  most e f f e c t i v e  t r a n s p l a n t i n g  time i s  n o t  k n o w n  a t  
p r e sen t ,  i e .  t he  time i n  t h e  growth cyc l e  a t  which senescence 
s t a r t s  wi l l  determine the  sucess  o f  overwinter ing and subsequent 
growth in  the fol lowing year ;  
3 .  t h e  physical  /chemical condi t ions  s p e c i f i c  t o  t h e  p l an t s  which 
wi l l  be t r ansp l an t ed  have t o  be determined in  the source  
ecosystem; those  cond i t i ons  (e .g .  a c i d i c  lower s t r a t a ,  a l k a l i n e  
upper s t r a t a )  have t o  be a l igned  w i t h  condi t ions  i n  t h e  
experimental  se t- up ,  and, a f t e r  overwi n t e r i n g ,  t he  cond i t i ons  
have t o  be eva lua ted  i n  comparision t o  t hose  which develop in  
t he  l a r g e  c e l l s  i n  which t he  p l a n t s  a r e  t o  be t r ansp l an t ed .  
For seed innocula t ion :  
4 .  t h e  importance o f  seed l oca t i on  wi th in  t h e  wetland s o i l  
s t r a t a  i n  r e l a t i o n  t o  a b i l i t y  o f  t h e  seeds  t o  germinate and 
e s t a b l i s h  i s  n o t  k n o w n  f o r  t h e  source  ecosystems; 
5. nothing i s  k n o w n  about the seedbank composition i n  t h e  source  
ecosystems. 
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3. S M A L L- S C A L E  EXPERIMENTS 
3 .1 .  De ta i led  Experimental Design 
The fol lowing experimental  design i s  planned f o r  t h e  sma l l - sca l e  
experiments.  A s e r i e s  o f  small con t a ine r s  ( e . g .  wooden f l a t s  
or any type o f  b o x  approximately 0 . 5  t o  1 m2 i n  a r e a )  which w i l l  
con ta in  water t o  a 50-cm depth ,  wi l l  be s e t  u p  i n  a s u i t a b l e  
l o c a t i o n  on  s i t e .  The exac t  dimensions o f  t h e  con ta ine r s  and 
the  mate r ia l  t o  be used i n  their  cons t ruc t i on  wi l l  be determined 
by t h e  eng ineers  and Fa1 conbri  dge personnel .  
In t h e s e  smal l- sca le  containments,  s eve ra l  va r i ab l e s  w i l l  b e  
t e s t e d  i n  o rder  t o  a c e r t a i n  t h e  optimal t rea tments  f o r  
subsequent longer term experiments i n  t h e  l a r g e- s c a l e  p l o t s .  
The v a r i a b l e s  t o  be t e s t e d  a r e  d i scussed  below under t h e  
f o l l  owing ca t ego r i e s :  
1. types  o f  c e l l - l i n i n g  ma te r i a l s  
2 .  sources  o f  seeds  or t r a n s p l a n t s  
3. methods o f  seed in t roduc t ion  and t r a n s p l a n t a t i o n .  
3 .1 .1 .  Types o f  C e l l - l i n i n g  M a t e r i a l s  , t A kmLq&6y l c~ccQ . .  
Four c e l l - 1  i ni n g  types  ( e .  g . / t a i l  i ngs  + sewage, t a i  1 i ngs + 
f e r t i l i z e r ,  t a i l i n g s  + j a r o s i t e ,  t a i l i n g s  + na tura l  s o i l s )  w i l l  
be t e s t e d  i n  t he  sma l l - sca l e  experiments t o  determine t h e  bes t  
s u b s t r a t e  combination t o  encourage vege ta t ion  su rv iva l  and 
g r o w t h  a f t e r  seed germination or p l an t  t r a n s f e r .  
3 .1 .2 .  Sources o f  Seeds or Tranplan tab le  Vegetat ion:  
F o u r  types  o f  h a b i t a t s  have been s e l e c t e d  as  p o t e n t i a l  sources  
o f  n a t i v e  spec i e s  which would provide a seed bank or supply o f  
t r a n s p l a n t a b l e  ma te r i a l .  T h e  s i t e s  i nc lude  a con t ro l  a rea  which 
i s  n o t  a f f e c t e d  b y  mining a c t i v i t i e s ,  the Conservation Area a t  
Falconbridge which has received n e u t r a l i z a t i o n  t r ea tmen t s ,  a 
na tura l  b o g  unaffected by  mining a c t i v i t i e s  and 
bog  which i s  near a c i d i c  mine t a i l i n g s .  The combination o f  
cont ro l  s i t e s  which r ep re sen t  natura l  uns t r e s sed  h a b i t a t s  and 
s t r e s s e d  s i t e s  which have been in f luenced  t o  some degree by 
mining a c t i v i t i e s  should o f f e r  a broad spectrum o f  t o l e r a n c e s  t o  
a wide range o f  environmental condi t ions .  
3 .1 .3 .  Methods o f  Seed In t roduc t ion  a n d  Transp lan ta t ion :  
Three types  o f  methodologies wi l l  b e  t e s t e d  dur ing t h e  
sma l l - sca l e  experiments --- one involv ing  seed t r a n s f e r  
techniques  a lone,  another  involving t r a n s p l a n t a i o n  techniques  
a lone and t h e  t h i r d  invo lv ing  a combination o f  seed t r a n s f e r  and 
t r a n s p l a n t a t i o n  methods. 
i c  e l  K i m  L& w-4 
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a )  seed t r a n s f e r  
A t  p r e sen t ,  i t  i s  n o t  k n o w n  what f a c t o r s  wi l l  be important  i n  
ensur ing  the v i a b i l i t y  and subsequent germination and su rv iva l  
o f  seeds  taken from na tura l  h a b i t a t s  and p l a n t e d  i n  t a i l i n g s  
m a t e r i a l s .  To at tempt t o  address  t h i s  problem, t w o  methods o f  
seed t r a n s f e r  wi l l  be t r i e d .  
Method 1: Cores o f  s o i l  mater ia l  con t a in ing  na t ive  seeds  w i l l  
be c o l l e c t e d  from each o f  t h e  source  s i t e s .  The core  mate r ia l  
wi l l  be mixed with the  var ious  t e s t  l i n i n g  ma te r i a l s .  This 
approach w i l l  g ive  some i n d i c a t i o n  o f  the v i a b i l i t y  o f  a wide 
v a r i e t y  o f  seeds i n  t he  t e s t  ma te r i a l s  b u t  wi l l  o f f e r  l i t t l e  
informat ion on where wi thin  t h e  s o i l  core  t h e  seeds o r i g i n a t e  
or what physical  and chemical cond i t i ons  a r e  requ i red  f o r  
germination andlor  su s t a ined  viabi  1 i t y .  
Method 2: Addit ional  co re s ,  which wi l l  be c o l l e c t e d  a s  i n  Method  
1, wi l l  b e  s epa ra t ed  i n t o  severa l  s t r a t a .  The seed dens i t y  and 
the  v i a b i l i t y  o f  seeds wi thin  each l aye r  wi l l  be determined. The 
l a y e r ( s )  which i n d i c a t e  the  most promising r e s u l t s  i n  terms o f  
d e n s i t y ,  v a r i e t y  a n d l o r  v i a b i l i t y  wi l l  then be mixed with 
var ious  t e s t  ma te r i a l s  i n  the sma l l - sca l e  experiments.  The 
physical  and chemical c h a r a c t e r i s t  cs  o f  t h e  ind iv idua l  l a y e r s  
i n  t he  source  a rea  can a l s o  be mea ured a n d  t h i s  informat ion can 
be used subsequent ly  i n  opt imizing the  cond i t i ons  i n  the t e s t  
p l o t s  t o  maximize seed germination and g r o w t h  responses .  
The r e s u l t s  o f  t he se  t w o  methods wi l l  provide cons ide rab l e  
informat ion about t he  responses o f  a v a r i e t y  o f  seeds  from 
seve ra l  na t i ve  seed banks t o  t he  cond i t i ons  p resen t  i n  the t e s t  
t a i l i n g s  mixtures.  
b )  t r a n s p l a n t a t i o n  o f  vege t a t i ve  mate r ia l  
Since r e l a t i v e l y  l i t t l e  i s  k n o w n  a b o u t  the responses o f  many 
indigenous p l a n t s  t o  t r a n s p l a n t a t i o n ,  i t  i s  necessary t o  t e s t  
var ious  methods t o  d i s ce rn  which g r o w t h  or  su rv iva l  responses  
a r e  due t o  t h e  t a i l i n g s  s u b s t r a t e  t rea tment  a n d  which a r e  
a r t i f a c t s  o f  t h e  t r a n s p l a n t a t i o n  procedures used. Two methods 
which wi l l  be used i n  t he  sma l l - sca l e  experiments a r e  descr ibed  
below. 
Method  1: E n t i r e  p l a n t s  ( e . g .  roo ts l rh izomes ,  s tems,  l e a v e s )  
wi l l  be removed f rom t h e  source  s i t e s  and t r anp lan t ed  i n  t h e  
var ious  t e s t  ma te r i a l s .  T h e  number o f  i n d i v i d u a l s  p l a n t s  
t r a n s f e r r e d  wi l l  depend o n  a v a i l a b i l i t y  a t  t h e  sour& s i t e s  and 
t h e  s i z e  o f  t h e  experimental  con t a ine r s .  Mixtures o f  p l a n t s  w i l l  
be placed in  the  t e s t  p l o t s  so t h a t  more r e a l i s t i c  cond i t i ons  
( e . g .  mixed spec i e s  communties) can be eva lua t ed .  
Method 2 :  Only t h e  r o o t  or rhizome without t he  emergent p o r t i o n  
o f  the p l a n t  wi l l  be t r ansp l an t ed .  This technique wi l l  provide  
informat ion o n  t h e  responses o f  t h e  var ious  p l an t  p a r t s  t o  
t r a n s p l a n t a t i o n  as  well as t o  the t e s t  condi t ions .  
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c )  mixed methods 
The f i n a l  t e s t s  w i l l  examine a combination o f  t he  seed t r a n s f e r  
a n d  t r a n s p l a n t  techniques  t oge the r  descr ibed above t o  ob t a in  
some idea  o f  responses in na tura l  communities w h i c h  cons is t  o f  
b o t h  mature p l a n t s  and seed l ings .  
A summary o f  t he  p l a n n e d  experimental  design i s  proyided i n  t h e  
t a b l e  below. 
T a i l i n g s /  
sewage 
5 a 0 - r  S i t e I F e 0 H f2 Tai 1 i ngsl  
S seed bed experiment 
T t r a n s p l a n t  experiment 
t r a n s p l a n t  o n  t h e  surv iva l  a n d  g r o w t h  responses .  
experiments wi l l  be c a r r i e d  o u t  i n  the  same experimental  ce 
t w o  d i f f e r e n t  t imes o f  t he  year.  The f i r s t  experiment wil 
s e t  u p  dur ing t h e  g r o w i n g  season and harvested a t  t he  end o 
growing season.  The second s e t  w i l l  be s t a r t e d  i n  t h e  
c e l l s  with p l a n t s  a t  t he  end o f  t h e i r  g r o w t h  cyc l e  and 
over t h e  win te r .  
This 
rep1 i 
t o t a l  
exper 
experimental  se t- up  ' c o n s i s t i n g  o f  32 c e l l s  wi l l  be 
ca ted  three times fo r  each t r a n s p l a n t  method r e s u l t i n g  i n  a 
o f  96 con ta ine r s  f o r  the experiment.  T h e  t r a n s p l a n t l n g  
iments wi l l  be  repeated twice  t o  t e s t  t h e  e f f e c t  o f  t i  e o f  
hese 
1 a t  
be 
t h e  
same 
l e f t  
T o  reduce t h e  number o f  c e l l s  which need t o  be cons t ruc t ed ,  f o r  
t e s t i n g  t h e  i n t r o d u c t i o n  methods, t h e  c e l l s  o f  each l i n i n g  type 
could be  d iv ided ,  t o  a l l o w  f o r  t e s t i n g  d i f f e r e n t  ph+&eA. or 
c.ka&m+ f a c t o r s ) ( e .  g .  water dep th ) .  
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D g t g L L s  f o r  Y c a r  11 
The experimental  se t- up  fo r  t h e  1985 season should b e  ready n o t  
l a t e r  than J u l y ,  t o  allow one m o n t h  f o r  t he  s e t t l i n g  o f  t he  
containments and f o r  t he  de te rmina t ion  o f  t h e  chemical 
condi t ions .  The f i r s t  t r a n s p l a n t i n g  should occur n o  l a t e r  than 
t he  beginning o f  August i . e .  t o  t r a n s f e r  dur ing t h e  growing 
season. A t  t h e  beginning o f  October, a second per iod t o  
t r a n s p l a n t  i s  envisaged.  
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In Year 2 ,  t r a n s p l a n t i n g  would be c a r r i e d  o u t  a t  t h e  beginning 
o f  t h e  growing season and t h e  r e s u l t s  w i l l  be eva lua t ed  f o r  
c e l l s .  implementation i n  t h e  1 a rger  
A r epo r t  with t h e  d e t a i l s  o f  
l a r g e - s c a l e  experiments wi l l  
A second repor t  which wi 
overwi n t e r i  ng  experiments wi 
the experimental  s e t - up  f o r  t h e  
b e  i s sued  a t  t he  end o f  the  year .  
1 con t a in  t he  r e s u l t s  from t h e  
1 be a v a i l a b l e  by l a t e  May, 1986. 
5. COST ESTIMATE F O R  Y E A R  1 
F I E L D  W O R K  - SET-UP O F  EXPERIMENTS 
T h e  c o s t s  a r e  es t imated  based o n  the assumption t h a t  the  p r o j e c t  
i n  Levack ( I n c o )  i s  proceeding i n  1985, s i n c e  n o  al lowance has 
been made f o r  a second f i e l d  t r i p  which i s  requ i red  f o r  t h e  
i n t roduc t ions  a t  t he  end o f  October. The c o s t s  f o r  the 
eva lua t ions  o f  t h e  r e s u l t s  i n  May, 1986 wi l l  be e s t ima ted  i n  t h e  
Year 2 budget,  s i n c e  t h e  funding i s  assumed t o  be w i t h i n  f edera l  
f i s c a l  year c o n s t r a i n t s .  
In essence,  Boojum's c o s t s  a r e  e s t ima ted  f o r  t he  i d e n t i f i c a t i o n  
o f  t he  source  wetlands a n d  the t r a n s p l a n t  mate r ia l  f o r  t he  
experiments.  For t h e  ac tua l  s e t  up  o f  t he  exper iments ,  i t  i s  
a n t i c i p a t e d  t h a t  Falconbidge w o u l d  provide a s s i s t a n c e  f o r  
approximately 4 days. Also, i t  may be pos s ib l e  t h a t  a t ruck  
w o u l d  be requ i red  from Falconbridge f o r  t he  t r a n s p o r t a t i o n  o f  
t he  mater ia l  from t h e  source  wetland t o  the experimental  p l o t s .  
Furthermore, i t  i s  assumed t h a t  t h e  l abo ra to ry  a t  Levack wi l l  be 
a v a i l a b l e  f o r  accomodations a t  no c o s t  t o  B o o j u m  Research L t d .  
a n d  i f  a t  a l l  p o s s i b l e  t h e  s t o r a g e  room could be converted i n t o  
a second usable  room as  d iscussed.  
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P ro j ec t  4: 
6 .  INVESTIGATION O F  N A T U R A L  R E M O V A L  O F  N I C K E L  F R O M  
SOLUTION BY L A K E  ECOSYSTEMS 
PRELIMINARY D A T A  ANALYSIS B Y  B O O J U M  R E S E A R C H  L T D .  
The complex i t i es  which a r e  a s s o c i a t e d  with t h e  descr ibed  
phenomenon o f  nickel  removal i n  lower Moose Lake a r e  
ex t ens ive ,  based on  t he  a v a i l a b l e  informat ion.  Some o f  
complex problems a r e  ou t l i ned  below. For example, 
1 )  a f t e r  p l o t t i n g  t o t a l  Ni concen t r a t i ons  f o r  each s 
s t a t i o n  f o r  t h e  years  1980 ( o r i g i n a l  graph, Fig. l . ) ,  and 
a n d  1985 ( F i g .  2 and 3 ) ,  i t  appears  t h a t  t he  magnitude 
removal i s  a b o u t  0 . 5  ppm o f  Nickel r e g a r d l e s s  o f  t h e  o r i g  
concen t ra t ion  (Tables  1 a n d  2 ) ;  
r a t h e r  
t h e s e  
mpl i n g  
1984 
o f  t h e  
nal Ni 
2 )  a f t e r  p l o t t i n g  pH, a n d  t o t a l  Fe and SO4 concen t r a t i ons  f o r  
t he  same time per iod ,  i t  was observed t h a t ,  d u r i n g  t he  
depress ion i n  Ni concen t ra t ions  ( a r o u n d  day 2 0 0 )  a t  t he  
Discharge, t h e  s u l p h a t e  concen t r a t i ons  increased  and t h a t  t he  
i ron  concen t r a t i ons  remained r e l a t i v e l y  cons t an t ;  t h e  dynamics 
o f  i ron  and s u l p h a t e  were q u i t e  d i f f e r e n t  a t  the N e u t r a l i z a t i o n  
Dam. This sugges t s  a s t r i c t l y  chemical phenomenon i s  involved.  
3 )  t h e  b io log i ca l  processes ,  i . e .  popula t ion dynamics wi th in  
lower Moose Lake, can be observed a s  a s e r i e s  o f  popula t ion 
peaks ( F i g . 4 )  varying with time o f  year which occur p a r t l y ,  or 
e n t i r e l y ,  i n  response t o  the seasonal  f l u c t u a t i o n s  i n  t h e  
physical-chemical  condi t ions  i n  t h e  l ake  ( F i g . 5 ) .  
A b r i e f  phytoplankton scan o f  water samples c o l l e c t e d  i n  May 
1985 by  Boojum Research i n d i c a t e d ,  t h a t  the spec i e s  a t  the  
sampling s t a t i o n  o f  t he  N e u t r a l i z a t i o n  Dam a r e  t y p i c a l  o f  very 
a c i d i c  waters .  Diatoms ( e . g  Euno t i a ) ,  cryptomonads and small 
f l a g e l l a t e d  chlorophytes  a n d  chrysophytes a r e  t h e  dominat b i o t a  
a t  t h i s  s i t e .  T h e  sample from the  Discharge,  o n  t he  o t h e r  hand, 
has a h i g h e r  spec i e s  v a r i e t y ,  dominated b y  Dinobrvon; 
T a b e l l a r i a ,  Peridinium, a n d  A s t e r i o n e l l a  as  well as  smal le r  
alclal s p e c i e s .  These i d e n t i f i c a t i o n s  r e f l e c t  t h e  t v o i c a l  
p h y t o p l a n k t o n  composition o f  Precambrian Shie ld  l akes  which' a r e  
usua l ly  o l i g o t r o p h i c .  This observa t ion  corresponds t o  t h e  
repor ted  b a c t e r i a l  counts ( r e f .  Falconbr idge)  which a l s o  
i nd i ca t ed  a n u t r i e n t  poor  system. 
Higher biomass q u a n t i t i e s  were observed (a1 t h o u g h  n o t  
q u a n t i f i e d )  a t  t h e  Neu t r a l i za t i on  Dam. Frequently i n  a c i d i c  
cond i t i ons ,  t h e  populat ion dens i t y  o f  a c i d - t o l e r a n t  s p e c i e s  i s  
high s i n c e  resource  competi t ion i s  reduced wheras the cond i t i ons  
a t  t h e  Discharge w o u l d  r e f l e c t  c l o s e r  those o f  a na tura l  l akes  
i n  which biomass f l u c t u a t i o n s  a r e  expected t o  be l a r g e r  dur ing 
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t he  seasonal  cyc le .  
I t  fol lows t h e r e f o r e ,  t h a t  i f  t h e  removal phenomenon i s  
b i o l o g i c a l ,  i t  could be c o n t r o l l e d  e i t h e r  by  t h e  ac id  system or 
the more na tura l  l ake  biomass dynamics. These two  systems wi l l  
respond d i f f e r e n t l y  t o  the f a c t o r s  schemat ica l ly  p resen ted  i n  
Fig 3 a n d  4 .  The seasonal  dynamics o f  b o t h  phytoplankton 
communities w o u l d  have t o  be addressed i n  a r igorous  fash ion  t o  
formulate  t h e  b io log i ca l  ba s i s  o f  t h e  removal phenomenon. 
These t h r e e  major problem a reas  a r e  in tended t o  demonstrate t h a t  
before a s tudy program can be determined,  t h e  background 
informat ion needs t o  be eva lua t ed  i n  more d e t a i l  s i n c e  t h e  
removal phenomenen r equ i r e s  a d e f i n i t i o n  w i t h i n  t h i s  background. 
B o o j u m  Research L t d .  i s  i n t e r e s t e d  i n  providing l i m i t e d  
background a n a l y s i s  i n  1965/1966 wi th in  t h e  manpower a l l o c a t i o n s  
f o r  P ro j ec t  1: w i t h  t h e  cooperat ion o f  f a l conbr idge  
L t d .  This d i scussed  f u r t h e r  with Falconbridge.  
Input 
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